Microbiology has a long tradition of making inspirational, world-changing discovery. Microbiology now plays essential roles in many disciplines, leading to some microbiologists raising concern over the apparent loss of identity. An electronic survey was undertaken to capture the scientific identity (based on scientific discipline) of people for whom microbiology forms a part of their profession, in addition to information regarding their first degree (title, country and year in which the degree was completed) and the sector in which they currently work. A total of 447 responses were collected, representing 52 countries from which they gained their first degree. Biology was the most common first degree title (of 32 titles provided), while microbiologist was the most common scientific identity (of 26 identities provided). The data collected in this study gives a snapshot of the multidisciplinarity, specialism and evolving nature of the microbiology academic workforce. While the most common scientific identity chosen in this study was that of a microbiologist, it appears that the microbiological workforce is contributed to by a range of different disciplines, highlighting the cross-cutting, multidisciplined and essential role microbiology has within scientific endeavour. Perhaps, we should be less concerned with labels, and celebrate the success with which our discipline has delivered.
INTRODUCTION
Microbiology has a long tradition of making inspirational, worldchanging discovery. Since the world of Antonie van Leeuwenhoek in the 1600s, who is commonly described as the first microbiologist, scientists who would consider themselves to be microbiologists have made significant findings that have changed the paradigm of scientific exploration.
Over the last four centuries, the field of microbiology has evolved along with our understanding and the development of new methods and technologies to assist exploration. From Leeuwenhoek's microscopes (Robertson 2015) to Pasteur's contribution to the germ theory (Lanska 2014 ) and more recently the discovery and understanding of CRISPR defensive systems in bacteria (Karginov and Hannon 2010) , the size and scope of the field have become increasingly large. As our understanding of microorganisms increased, so did the realisation that microorganisms are inherently important in almost all aspects of human life: agriculture, bioremediation, biotechnology, engineering (Maloy and Schaechter 2006) , and they are considered to play important roles in addressing global issues such as combating food shortages, providing renewable energy and enhancing human, plant and animal health. It is for these reasons that microbiology as a discipline (and therefore scientists who work within the field) is unlikely to disappear. However, as microbiology advances, and molecular techniques have enhanced, 'classic' practical scientific skills with genomics and bioinformatics (Fricke and Rasko 2014) , and science in general become more interdisciplinary (Porter and Rafols 2009) , the notion that microbiology is disappearing as a distinct entity has become a concern for many.
In an article describing the development of what is now the American Society for Microbiology, Bennett (1999) considers how the methods of microbiology have been so widely adopted across the biological sciences, especially by those that call themselves 'molecular biologists', that some people fear microbiology is losing its identity. These issues have been reiterated more recently. The current Chief Executive of the Microbiology Society, Peter Cotgreave, has also shared concern that microbiology is becoming a less distinct discipline within universities, and that the field needs to ensure that the decline of the 'microbiologist' does not continue (Thompson 2014) . While there is little, if any literature explaining why microbiologists believe the continued visibility of 'the microbiologist' is kept well defined and discreet from other biological disciplines, it may be that a reduction in self-proclaimed microbiologists could lead to higher education providers removing microbiology courses, and reducing the amount of microbiology skills taught. Evidence of this can be found in the UK data of enrolment on university degrees, which show that during the 8-year period between 2006 and 2014, a total of 31,815 (3295 in 2007 to 4965 in 2014) students enrolled in a Biology degree, compared to 1545 (170 in 2007 to 230 in 2014) students enrolling in a Microbiology degree (data adapted from UCAS, 2015), therefore producing less microbiologists automatically formed by their named degree route. In addition to this, the UK Biotechnology and Biology Research Council (BBSRC) have also noted an erosion on the number of researchers and students (regardless of whether they studied a microbiology, biology or other degree) skilled in the core microbial sciences (Dorman 2006) . However, the concern is not just relating to the ''microbiologist'. Scientific fields such as soil sciences, mycology and taxonomy, which could be considered sub-disciplines of microbiology, are also expressing concern as to the loss of their identity and practice (Steinbach 2003; Ando 2004; Collins 2008; Caine 2011) . The lack of microbiology as a distinct discipline is also apparent in school education (Redfern, Burdass and Verran 2013) , providing a missed opportunity, because it has been suggested that capturing the imagination of young students and training them in microbiology is essential for the sustainability of the discipline (Bassler 2011) .
Thus, there is a passionate debate surrounding the identity of the 'microbiologist' (much of which is happening in conversation between scientists outside of the written or digital world). The issues and concerns focus on the evolution and direction of the field, the change/disappearance of microbiologically skilled workforce and whether or not it is important that the number of students attaining a microbiology degree needs to rise. However, little data has been collected to assess by what educational route the current microbiology workforce (anybody whom considers the data, literature, methods, tools and/or microorganisms themselves to be part of their professional work) came to be, and what scientific identity they associate with and if this is a potential issue for 'the microbiologist'.
AIM
Survey a sample population of people for whom microbiology is a part of their profession to provide a starting point in understanding their background, current profession and scientific identity.
METHODS

Survey
A questionnaire-based survey was designed with five questions, a mix of closed and open response types. The aim of the survey was to capture the scientific identity with which the respondent primarily associates (that being, the 'type' of scientist they believe themselves to be and relate to most closely in the scientific profession), in addition to information regarding their first degree (title, country and year completed-data regarding modules and units within degrees were not collected) and the sector in which they currently work.
The intended respondents were anybody who may consider themselves to work within the profession of microbiology, or in some way utilise tools, methods and/or information that can be considered microbiology within their profession. The survey was made available for five months (FebruaryJuly 2015) . The main route of advertising the survey was in association with the Federation of European Microbiology Societies (FEMS), a federation of microbiological societies in Europe, bringing together 52 member societies from 36 European countries, covering around 30 000 microbiologists (FEMS, n.d.). The survey was advertised on completion of registration to the FEMS 2015 congress (Maastricht, Netherlands), an international meeting covering a range of topics which all include microbiology. In addition to this, the survey was advertised on social media (Twitter, Facebook and LinkedIn) and through a mailing to members of the Society for General Microbiology and the Sociedad Española de Microbiología (Spanish Society of Microbiology). Ethical clearance was obtained, all responses were anonymous and followed the British Educational Research Association ethical guidelines for educational research (BERA 2011).
Data analysis
Data were analysed using SPSS For open response questions, all responses were coded after initial analysis and grouped into categories, e.g. when asked to provide the title of their first degree, 'biology', 'biological sciences' and 'degree biology' were all categorised as Biology.
Due to the nature of the survey distribution (to people associated with a microbiology society), it is assumed that respondents have some professional interest with the field of microbiology. Data were only included if respondents date of attaining their degree fell between 1969 and 2015. This would assume the respondent is actively part of a workforce interested in microbiology, being no younger than 18 and no older than 64-the mean labour market exit age as determined by the Organisation for Economic Co-operation and Development (OECD 2013).
RESULTS AND DISCUSSION
Overall
A total of 447 responses were collected, representing 52 countries from which they gained their first degree. The most frequent were Spain (51.9%, n = 232), followed by the UK (13%, n = 58), Italy (3.1%, n = 14), the Netherlands (2.7%, n = 12), France (2.2%, n = 10), the USA (2%, n = 9) and Germany (2%, n = 9). The majority of respondents described themselves as working within a research university (51.5%, n = 230), while others worked in research institutes (19.7%, n = 80), teaching universities (16.1%, n = 72), industry (6.5%, n = 29), healthcare providers (3.1%, n = 14), government (2.5%, n = 11), consultancy (0.9%, n = 4) or were currently studying (0.7%, n = 3). Other sectors included science communication, marketing, publishing or research development organisation each representing one respondent. These data suggest that this survey predominately captured an academic population, with over two-thirds of respondents (71.2%) currently in a research or teaching university or other research institute.
The most common title of respondent's first degree were related to biology (46.3%, n = 207), followed by microbiology (11.4%, n = 51), biochemistry (7.6%, n = 34), pharmacology (6%, n = 27), veterinary science (4.5%, n = 20) and chemistry (3.8%, n = 17). There were 26 other degree titles, making up less than 13% of the respondents (Table 1) . Of the 52 countries represented within the data, 30 had respondents who graduated in biology, while 18 had respondents who graduated in microbiology. Interestingly, if it is assumed this survey captured respondents for whom microbiology forms part of their profession, fewer than 35% of countries are producing graduates with a microbiology degree title. Furthermore, almost 29% of countries represented had respondents with neither a biology or microbiology degree. This suggests that the title of respondent's first degree may not be a barrier to a career involving some element of microbiology. Although not studied here, understanding the units/modules/content of a person's degree may help to understand exactly how much microbiology content potential microbiologists are exposed to within their degree.
Respondents gained their first degrees over a 73-year period with the oldest degree attainment dated in 1943. When considering the degree title of respondents who could be considered as representing the microbiological workforce (i.e. gained their degree between 1969 and 2015) , the number of people graduating with a microbiology degree is increasing at a rate of 0.295% a year (Fig. 1) . Interestingly, the number of biology graduates in this same cohort appears to be decreasing. It is therefore interesting that although the number of professionals completing a microbiology degree is comparatively low and focused to fewer countries compared to biology degrees (as described above), their numbers appear to be increasing (if only very gradually). This may be due to pressures now perceived by students who are selecting degree titles based on their expectations of employability (Sodexo 2014) and the resurgence of microbiology being an important frontier of scientific need (e.g. AMR).
When respondents considered which scientific identity they felt they had a primarily association with, they provided 26 different answers (Table 2 ). The most common identity was that of a microbiologist (28%, n = 125), followed by molecular microbiologist (16.6%, n = 74), food microbiologist (8.3%, n = 37), environmental microbiologist (7.4%, n = 33), bacteriologist (7.2%, n = 32), mycologist (4.3%, n = 19) and microbial ecologist (4%, n = 18). An additional 18 identities were selected, making up less than 24% of respondents. Interestingly, of the 26 identities, half (n = 13) explicitly relate to what could be considered 'microbiology' ( Table 2) . The most common identity that is not explicitly microbiologist, molecular biologist, seems to support previous arguments that the field of molecular biology is 'taking' away scientists who would otherwise have identified as a microbiologist (Bennett 1999) . Mycologist and (to a smaller extent) taxonomist, both previously highlighted as causes for concern with regard to the loss of their applied skills within the scientific community (Steinbach 2003; Ando 2004; Caine 2011) , are both present on this list. When considering what scientific identity people assign themselves to compare with degree title they graduated with, it is obvious that many of the microbiology workforce have come by way of a biology degree (Fig. 2) . It is possible (and very likely) that a degree programme entitled Biology will include some level of microbiology, introducing the field. Another point of interest is the small number of respondents with biomedical science degrees (n = 4, 0.9%), and the lack of any respondent considering themselves to be a biomedical scientist (n = 0), considering the apparent popularity the degree route has gained in recent years (particularly in the UK). It is also possible that as various scientific fields have become more inclusive of microbiological methods and many global concerns are related to microbiology, the professional interests of scientists encourage them to specialise as a microbiologist.
Graduates from Spain: a geographical snapshot
Just over half of respondents gained their degree in Spain (n = 232, 51.9%). Data of Spanish graduates compared with other respondents (using Pearson's chi-square test), suggests that whether or not you graduated from Spain is independent of the distribution of sector the respondent worked in (x 2 = 8.808, df 11, P = 0.640), i.e. the distribution of different sectors is not unique to those graduating from Spain. However, the statistical analysis did suggest that graduating from Spain in comparison to the rest of the world would have an effect on the degree title (x 2 = 124.776, df 32, P < 0.05). There are seven degree titles that differ significantly (P < 0.05) when comparing graduates from Spain with other countries: microbiology, biology, molecular biology, pharmacology, genetics, veterinary sciences and biomedical science. The most notable difference is the comparison of biology and microbiology degree titles, where, although the number of respondents graduating with a biology degree is higher than microbiology in both Spain and respondents from all other nations, the difference is considerably larger (Fig. 3) . Although the survey did not capture any data to explain this, it is generally known that the nature of higher education in Spain and other European countries is that a general degree is studied in the first instance with graduates specialising at master's level education. It is possible in this scenario that many of the self-identified microbiologists whom attained their degree in Spain completed a general degree such as Biology (but likely with elements of microbiology) and further specialised through higher education or professional practice.
The identity respondents primarily associate with is also not statistically dependant on whether they graduated from Spain or one of the other countries (x 2 = 43.750, df 25, P = 0.012), i.e. the distribution of identities given by graduates in Spain is not unique to Spain. However, on closer inspection of the data, the number of biologists, food microbiologists and healthcare scientists are statistically significantly different (P<0.05) to respondents from the rest of the world (Fig. 4) . Of these, Spanish graduates were less likely to identify as a biologist (n = 1, 0.2%) and healthcare scientist (n = 2, 0.4%) compared with respondents graduating from other nations (n = 7, 1.6% and n = 8, 1.8%, respectively). However, Spanish graduates (n = 31, 7%) were more likely to identify as a food microbiologist than their counterparts from other countries (n = 6, 1.3%). 
CONCLUSION
The data collected in this study gives a small snapshot of the multidisciplinarity, specialism and evolving nature of the microbiology academic workforce (much like the microorganisms they study). Although there are gaps in the data this survey has collected, for example, the notable lack of microbiologists whom are biomedical, healthcare or clinical scientists, microbiologists should be encouraged by the apparently increasing number of students completing microbiology degrees. Furthermore, microbiologists should not be overly concerned by the dominance of biology and other subjects, because microbiologists appear to have a wide range of different educational backgrounds, which if understood more clearly, could help in understanding the professional development of the microbiologist. Whilst the most common scientific identity chosen in this study was that of a microbiologist, it appears that the microbiological workforce is contributed to by a range of different disciplines, highlighting the cross-cutting, multidisciplined and essential role microbiology has within scientific endeavour. Perhaps we should be less concerned with labels, and celebrate the success with which our discipline has delivered, and consider if holding a protectionist view of the microbiologist is in the benefit of the discipline.
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